Male A/J strain mice were fed AIN-76A diet supplemented with myo-inositol/dexamethasone (10 g and 0.5 mg/kg diet) or acetylsalicylic acid (300 mg/kg) and exposed for 5 months to a mixture of sidestream and mainstream cigarette smoke at a concentration of 132 mg total suspended particulates/ m 3 . After tobacco smoke exposure, they were allowed to recover for another 4 months in filtered air. In the animals fed AIN-75A diet alone or acetylsalicylic acid, the average number of tumors/lung was 2.1, whereas in the animals given the myo-inositol/dexamethasone diet, the average lung tumor multiplicity was 1.0 (P < 0.05). In animals exposed to filtered air, lung tumor multiplicities were 0.6 for animals fed AIN-76A or myo-inositol/dexamethasone and 1.2 for animals fed acetylsalicylic acid. It was concluded that the combination of myo-inositol and dexamethasone constitutes an effective chemopreventive regimen against tobacco smoke-induced lung tumorigenesis.
Identification of chemicals that might prove useful in the prevention of lung cancer, particularly tobacco smoke-induced lung cancer, continues to be an area of intense research (1, 2) . Most putative chemopreventive agents are evaluated in animal models of lung tumorigenesis. During the last few years, the strain A mouse lung tumor assay has become the preferred tool for the evaluation of the effects of a large variety of agents. They include isothiocyanates (3), selenium compounds (4), steroid hormones (5), polyphenols (6) and non-steroidal anti-inflammatory agents (7) . Lung tumors are usually produced by specific chemical carcinogens that are thought to play a crucial role in tobacco carcinogenesis, such as 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) or benzo[a]pyrene (B[a]P). A test agent is judged to be a potentially useful chemopreventive agent if treatment of the animals before, during or after carcinogen exposure significantly reduces the number of lung tumors (6) . However, no animal model of tobacco smoke carcinogenesis has been used in such screening experiments. One reason might be that it is difficult to produce tobacco smoke-induced lung tumors in laboratory animals with high incidence, even in long-term experiments involving exposure to high levels of tobacco smoke (8, 9) . The lack of screening experiments involving tobacco smoke may have been partially responsible for some unanticipated results in clinical trials, such as the recent observation that β-carotene, rather than preventing lung cancer development, actually has the opposite effect (10) . An animal model for tobacco smoke carcinogenesis has now become available. We have conducted several experiments in which we found that exposure of strain A/J mice to a mixture of sidestream and mainstream cigarette smoke can significantly increase lung tumor multiplicity and incidence (11) . The effects of three chemopreventive agents have been evaluated in this animal model: phenethylisothiocyanate (PEITC), N-acetylcysteine (NAC) and green tea (12) . While these three agents are highly successful in preventing the development of lung tumors following exposure to NNK (13) (14) (15) , NAC and green tea had no chemopreventive action against tobacco smoke and the effect of PEITC was marginal, but not significant. In the present investigation we examined three additional chemicals that have been found to have chemopreventive action against NNK-induced lung tumors: a mixture of myo-inositol and dexamethasone (16) and the common drug aspirin (acetylsalicylic acid) (17) .
Male A/J strain mice were purchased from Jackson Laboratories (Bar Harbor, ME). A standard rodent health surveillance screen showed no evidence for infectious or parasitic disease. The animals were kept within inhalation chambers in polypropylene cages with tightly fitting wire screen lids on conventional bedding material and had at all times during the experiment, including during smoke exposure, access ad libitum to water and the test diets. The animals were observed daily and weighed weekly. The inhalation chambers were kept on a 12 h light/dark cycle and controlled for temperature and humidity. Kentucky 1R4F reference cigarettes were from the same source as described previously (18) . Acetylsalicylic acid, myo-inositol dexamethasone and corn oil were obtained from Sigma Chemical Co. (St Louis, MO). The AIN-76A test diet (20% casein, 0.3% DL-methionine, 15% corn starch, 55% sucrose, 5% cellulose, 3.5% mineral mix, 1% vitamin mix and 0.2% choline bitartrate) was purchased in powdered form from Dyets (Bethlehem, PA). Diets containing acetylsalicylic acid or myoinositol/dexamethasone were prepared freshly every other week by adding the appropriate amounts of the ingredients plus 50 ml corn oil/kg diet and by mixing thoroughly in a Hobart blender. Final concentrations were 300 mg/kg acetylsalicylic acid (17) and 10 g/kg and 0.5 mg/kg for the myo-inositol/ dexamethasone diet (16) . All diets were stored at 4°C.
In order to confirm the effectiveness of myo-inositol/dexamethasone and of acetylsalicylic acid, as reported by others (16, 17) , a positive control experiment was done concomitant with the main experiment. Three groups of mice were placed on the AIN-76A, myo-inositol/dexamethasone or acetylsalicylic acid diets. Two weeks later, all animals received four i.p. injections of NNK at a dose of 50 mg/kg at weekly intervals. Feeding of the three diets then continued until 4 months after the last NNK injection, when the animals were killed and lung tumors counted.
In the main experiment, the 8-10-weeks-old A/J strain mice were assigned at random to the following groups: group 1, fed control diet AIN-76A and exposed to tobacco smoke (1A) or kept in filtered air (1B); group 2, fed myo-inositol/ dexamethasone and exposed to tobacco smoke (2A) or filtered air (2B); group 3, fed acetylsalicylic acid and exposed to tobacco smoke (3A) or kept in filtered air (3B). The animals were placed, within their cages, in stainless steel inhalation chambers ventilated with tobacco smoke or filtered air. Exposure to tobacco smoke was for 6 h/day, 5 days/week, during the first 2 weeks to an average of 71 mg total suspended particulates (TSP)/m 3 , then for another 3 weeks to 86 mg/m 3 and finally for the remainder of the experiment to an average of 132 mg/m 3 . All cages in the exposure chambers were rotated periodically so that each individual cage occupied at least once all possible locations in each inhalation chamber (18) . The tobacco smoke exposure system and analytical methods used to measure nicotine, CO and TSPs were identical to the ones described in detail previously (18, 19) . Exposure conditions are listed in Table I . After 5 months, all mice were removed from the inhalation chambers and transferred to a conventional animal holding facility with controlled temperature and humidity (20-21°C, 40-70% humidity, 12 h light/ dark cycle). Feeding of the test diets continued during the recovery period. Nine months after the beginning of the experiment, the animals were killed and the lungs prepared for tumor analysis as described previously (12, 18) . After fixation of the lungs in Tellyesniczky's fluid, the number of tumor nodules visible on the lung surface was counted and their largest diameter was measured. The results were expressed as tumor incidence, i.e. percentage of animals with one or several lung tumors/total animals at risk, and as tumor multiplicity, calculated as average number of tumors/ lung of all animals, including non-tumor-bearing ones. Data on lung tumor multiplicity were analyzed by parametric ANOVA followed by the Tukey-Kramer multiple comparisons test and by non-parametric ANOVA with Dunn's post-test. Lung tumor incidences were compared using Fisher's exact test. A P value of ഛ0.05 was considered to be significant.
The results of the positive control experiment, carried out concomitantly with the main experiment and using mice received in the same shipment, are shown in Table II . When all lung tumors were counted, it was found that animals fed the myo-inositol/dexamethasone diet had significantly fewer tumors/lung than did animals fed the AIN-76A diet. On the other hand, acetylsalicylic acid had no effect. According to the procedure suggested by Duperron and Castonguay (17) , lung tumor multiplicities were also calculated by counting only tumors with a diameter of ജ1 mm. It was found that acetylsalicylic acid produced significantly fewer tumors of this size within the 5 month experimental period than in the controls. myo-inositol/dexamethasone completely prevented growth of tumors to a size of ജ1 mm (Table 2 ).
In the main experiment, the animals exposed to tobacco smoke were gradually acclimatized as shown in Table 1 . During the first 2 weeks, the animals were exposed to an average TSP concentration of 71 mg/m 3 , which was then increased during weeks 3-5 to 86 mg/m 3 , a concentration similar to that used in previous studies (11, 12, 18) . From week 6 until the end of the experiment, TSP concentrations were maintained at~132 mg/m 3 . No obvious signs of toxicity were noticed, although, as in previous studies, we again observed some early deaths of animals (within the first 6 weeks): in the mice exposed to tobacco smoke, two animals fed AIN-76A (1A), three animals fed myo-inositol/dexamethasone (2A) and two animals fed acetylsalicylic acid (3A). In animals kept in filtered air, two in the myo-inositol-dexamethasone group (2B) and three in the acetylsalicylic acid group (3B) died. No animal fed diet AIN-76A alone (1B) died.
Weight gains by the mice during the experiment are shown in Table III . While the animals were exposed to tobacco smoke, they gained weight at a slower rate than did the animals kept in filtered air. After 5 months they had reached onlỹ 85% of the body weight found in controls. After removal from the smoke, they gained weight somewhat faster than did the animals kept in filtered air at all times and 2 months later had approximately the same body weights.
Lung tumor counts in the animals exposed to tobacco smoke and fed the different diets are shown in Table IV(A). In animals fed the control diet, an average of 2.1 lung tumors were found when all tumors were counted; for tumors ജ1 mm in diameter, the average lung tumor multiplicity was 1.7. myoinositol/dexamethasone significantly reduced tumor multiplicity to 1.0 or 0.7, respectively,~40-45% of values found in the tobacco smoke/AIN-76A animals. In addition, myo-inositol/ dexamethasone also produced a significant reduction in lung tumor incidence. On the other hand, acetylsalicylic acid had no effect when all lung tumors were counted and only a small, statistically insignificant effect when tumors measuring ജ1 mm were counted. Lung tumor incidence was not affected.
In the animals exposed to filtered air, lung tumor multiplicities were significantly lower throughout than they were in animals exposed to tobacco smoke and fed either AIN-76A or acetylsalicylic acid [Table IV(B)]. The latter actually appeared to double lung tumor multiplicity in the filtered air group, compared with the animals fed AIN-76A or myo-inositol/ 
a All data given as means Ϯ SD. Group 1, fed AIN-76A diet; group 2, myo-inositol/dexamethasone (10 g/kg and 0.5 mg/kg diet); group 3, acetylsalicylic acid (300 mg/kg diet). b Animals in groups 1A, 2A and 3A were exposed for 5 months to tobacco smoke and then removed to filtered air; animals in groups 1B, 2B and 3B were kept in filtered air throughout. All animals were killed 9 months after the beginning of the experiment. c Number of tumor-bearing animals/total number of animals at risk. d Animals exposed to tobacco smoke for 5 months, followed by a 4 month recovery period in filtered air. e Significantly different (P Ͻ 0.05) from animals fed AIN-76A or ASA with parametric or non-parametric ANOVA followed by the appropriate post-test. f Significantly different (P Ͻ 0.05) from animals fed AIN-76A or ASA with Fisher's exact test. g Values for groups 1B and 3B are significantly lower than for animals exposed to tobacco smoke in groups 1A and 3A.
dexamethasone, but the difference was not statistically significant when data were analyzed by parametric or non-parametric ANOVA. Lung tumor incidences were throughout lower compared with animals exposed to tobacco smoke.
In previous experiments we found that the average lung tumor multiplicity in strain A mice exposed to a mixture of sidestream and mainstream cigarette smoke was~1.3-1.4 tumors/lung (11) . The same tumor yield was obtained in mice exposed to full smoke (18) or exposed to the gas phase only (20) . In the present investigation, we increased tobacco smoke concentrations, measured as TSP, from an average of 80-90 mg/m 3 to an average of 130 mg/m 3 . As a result, tumor yield increased from an average of 1.3 tumors/lung to an average of 2 tumors/lung, while control values stayed within the range 0.5-0.8 tumors/lung that is usually found in strain A mice of this age (21) .
The diet containing myo-inositol and the synthetic glucocorticoid dexamethasone proved to be a highly effective chemopreventive regimen. A significant reduction in both lung tumor multiplicity and in lung tumor incidence between animals exposed to tobacco smoke and AIN-76 or myo-inositol/ dexamethasone diet was observed. The number of tumors/lung in the animals fed the myo-inositol/dexamethasone mixture and exposed to tobacco smoke actually approached the tumor multiplicity in animals exposed to filtered air. A significant reduction in lung tumor formation caused by administration of myo-inositol, dexamethasone or a mixture of the two compounds has been demonstrated previously in strain A mice treated with B[a]P and with NNK (5, 16) . Our data suggest that a combination of the two compounds is also highly effective against the carcinogenic effects of the complex mixture of full tobacco smoke.
The other agent we tested, acetylsalicylic acid, has been thoroughly evaluated by Castonguay and associates, together with some other non-steroidal anti-inflammatory agents (17, 22, 23) . These might be particularly promising chemopreventive agents because they are approved human drugs and there is evidence suggesting that they might prevent development of colorectal cancer in man. (24) . In strain A mice treated with repeated doses of NNK, acetylsalicylic acid greatly reduced the development of lung tumors with a diameter Ͼ1 mm, suggesting that it might effectively slow tumor growth (17) . In the present study, we could duplicate this finding in our positive control experiment, although we administered NNK as four injections rather than continuously in the drinking water. However, when all tumors were counted, no protective effect was seen. In the main experiment a small and statistically insignificant reduction in tumor formation was only seen when tumors Ͼ1 mm were counted.
From the present experiments we conclude that addition to the diet of myo-inositol and dexamethasone is the most promising chemopreventive treatment among the six agents (PEITC, NAC, green tea, myo-inositol, dexamethasone and acetylsalicylic acid) that so far have been investigated in an animal model where lung tumors are induced by tobacco smoke rather than by selected model chemicals. This raises the question whether it is preferable to screen for chemopreventive agents in animals treated with model lung carcinogens or in animals exposed to full smoke? Studies with NNK and B[a]P are certainly more expedient and give higher tumor numbers in a shorter time than do inhalation studies. On the other hand, it should be remembered that nitrosamines and polycyclic hydrocarbons are not necessarily representative of all putative carcinogens that occur in tobacco smoke (20) . Inhalation studies thus appear to be more realistic.
The question may be raised what role chemopreventive agents should play in the fight against lung cancer? It was pointed out that, although chemoprevention should never substitute for quitting smoking, there might be several populations possibly benefitting from chemoprevention, particularly former smokers, where chemoprevention could produce an additional reduction in risk (3). Previous observations suggest that a combination of myo-inositol and dexamethasone is also effective in strain A mice if applied after carcinogen exposure (16) . This will make it important to evaluate the effects of these two compounds in A/J strain mice after they have been exposed to tobacco smoke.
